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A DEMONSTRATION CONOSCOPE 


RICHARD A. BRAY* anp LLOYD W. STAPLES* 


University of Oregon 


ABSTRACT. The demonstration conoscope described is a teaching aid in optical mineralogy 
that allows group observation of interference phenomena. It is essentially a petrographic 
microscope with its tube removed and replaced by one half of a ping-pong ball and a sheet of 
polaroid. The latter acts as the analyzer of the microscope, while the former acts as a projection 
screen for the interference figure. 


Simple modifications—e.g., using a liquid-filled hemisphere, sketching light vibration direc- 


tions on its surface, and calibrating the hemisphere to measure 2V—greatly increase the utility 
of the instrument. 


Special thin sections can be prepared to show the effects of change in mineral orientation, 
thickness, and 2V. The quartz wedge and the accessory plates can be inserted and even rotated 
beneath the suspended hemisphere. These and other uses emphasize the conoscope’s instructional 
value and suggest that it has possibilities as a determinative instrument. 


In the teaching of optical mineralogy, it is best to accompany the explanation 
of interference figures and associated phenomena by some form of demonstration. 
Several instruments and techniques for demonstration have been described, but 
they are not widely known and are relatively complex and expensive to set up. 

Quirke (1938) briefly discussed the use of a celluloid hemisphere for demon- 
strating interference figures, but the method requires a special arm attachment for 
the microscope. He also mentioned that D. J. Fisher had adapted a universal stage 
to utilize a hemispherical projection screen. Winchell (1947) obtained interference 
figures on polished spheres of crystals by observing them between two sheets of 
polaroid. Vincent (1954) developed a determinative microscope accessory with 
a special stage mount for a glass sphere, which was sliced to allow mineral grains 
or sections to be placed at its center. He mentions that interference figures can 
be projected above the sphere. Hurlbut (1955) described an excellent polariscope, 
especially manufactured for the purpose of demonstrating interference figures, which 
makes use of a polished glass hemisphere in combination with two sheets of polaroid 
and a rotating stage. 

The demonstration conoscope discussed here presents some innovations in sim- 
plicity that recommend it for use in cases where more elaborate preparations are not 
desired. It is a modification of the petrographic microscope, in which one half of a 
ping-pong ball is used as a hemispherical screen upon which the interference effects 
of convergent polarized light can be projected. 

* Mr. Bray is a graduate student at the University of Oregon, where Dr. Staples is professor 
of geology. 

1 After this paper had been submitted for publication there appeared a second paper by 
H. C. G. Vincent, “Projector for Interference Figures,” Mineralog. Mag. v. 30, p. 666-671, 1955. 


The instrument Vincent describes is not a microscope accessory and is used chiefly for the ex- 
amination of crystals, not of thin sections. 


Copyright 1955 by the Association of Geology Teachers 
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The construction of this demonstration conoscope demands the expenditure of 
very little time or money. An ordinary ping-pong ball is sawed in half, and after the 
base of one of the hemispheres has been trued by sanding or grinding on a lap wheel 
it is glued to a disk of polaroid. The latter should have a diameter slightly larger 
than that of the ball and should be notched to indicate the polarization direction. 
The tube of a petrographic microscope is removed, and the hemisphere with its 
polaroid base can then be placed directly over the mineral section. The polaroid acts 
as the analyzer of the microscope. When it is placed in crossed position with respect 
to the lower nicol, and when the substage condensing lens is in use, an interference 
figure may be seen projected on the hemispheric. surface of the ball. 

It is convenient to have the polaroid suspended a short distance above the mineral 
section, so that the stage can be rotated freely without also turning the polaroid 
from its crossed position. This can be accomplished by encircling the base of the 
hemisphere with wire and attaching it to the microscope tube rack (see Figure 1). 
On most petrographic microscopes the rack can be raised and lowered after the tube 
has been removed, and the height of the hemisphere can thus be varied to accom- 
modate thick sections or to insert accessory plates between the mineral section and 
the polaroid. 

The hemisphere may be left filled with air or, if desired, it may be filled with a 
liquid of known index of refraction. A series of such hemispheres, filled with liquids 
covering a range of indices, will prove useful. Canada balsam is one of the most con- 
venient fillings, since it can be cooked until it becomes solid and extremely tacky 
when cooled to room temperature. When less viscous liquids are considered, only 
those with a low coefficient of expansion are desirable. The polaroid disk bows in 
and out enough to compensate for some volume variations, but extreme changes in 
temperature can break the seal between the disk and the hemisphere. Viscous liquids 
can be poured into the ball, capped by the polaroid disk, and sealed in with ordinary 
household cement. When liquids of low viscosity are used, it is best to glue the disk 
on first and then drill two small holes near its periphery, one hole allowing the air to 
escape while the liquid is introduced through the other. The holes are then sealed 
with cement. The temperature of the liquid must not be allowed to rise appreciably 
until the cement over the holes has hardened, or expansion of the liquid will force 
it out. 

In filling the ball with liquid it is difficult to exclude all air, and indeed it is 
actually desirable for a small bubble to remain. It acts as a leveling bubble, passing 
to the very top of the hemisphere and there serving as a datum point for some deter- 
minative measurements. 

A small microscope lamp gives sufficient illumination for interference figures to 
be seen, but better results can be obtained with the use of stronger sources of light. 
The excellent interference figure apparently visible in a light room, as shown in 
Figure 1, would ordinarily appear much fainter, and in order to obtain this photo- 
graph it was necessary to make a double exposure. 

The arrangement here described has numerous advantages over using the petro- 
graphic microscope as a conoscope in the normal fashion. Usually the span of view 
of the interference figure seen in the microscope is equivalent to a 2V or optic axial 
angle of about 40-50°. Thus, with an acute bisectrix figure from a mineral with a 
2V larger than 50° the isogyres will pass from the field at their position of maximum 
separation. The demonstration conoscope, using the air-filled ping-pong ball, in- 
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creases the field of view to almost 80°. When the hemisphere is filled with liquid it 
has a span of view equivalent to a 2V of more than 90°. 

The difference between the 2V of the mineral and the apparent angle projected 
on the hemisphere is a function of the disparity between the indices of refraction of 
the mineral and the medium within the ping-pong ball. Thus, the apparent angle 
can be made to approach the true axial angle (2V) by filling the ball with a liquid 
having an index as close as possible to the intermediate index of the mineral. It also 


Fic. 1. Demonstration conoscope with flash figure, and auxiliary hemispheres. 


helps to place a drop of the liquid between the mineral section and the polaroid and 
between the condensing lens and the mineral section. 

Whereas the interference figure seen through the normal conoscope is actually a 
two-dimensional orthographic projection of the interference figure, an undistorted 
three-dimensional image is projected on the hemisphere of the demonstration cono- 
scope. 

While but one person at a time can look through a microscope, a group can view 
the interference figure on the ping-pong ball. For an instructor with a fairly large 
group of students the task of making individual demonstrations of interference 
phenomena is ordinarily time consuming and laborious. With the demonstration 
conoscope, a group in a darkened room can simultaneously observe and discuss the 
details of the isogyres and isochromatic curves. Interesting features can be pointed 
out and questions can be answered as the stage is rotated, the nicols are rotated, or 
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accessory plates are inserted. The surface of the hemisphere can also be drawn 
upon and cleanly erased. To assist in explaining the interference phenomena, the 
instructor can sketch the vibration directions on the ball. Connecting points of 
equal velocity results in ellipses that are usually referred to as isotaques. 

The main disadvantage of the demonstration conoscope is the large size of the 
mineral section that must be used. Sections smaller than about one square milli- 
meter in area decrease the intensity of the figure too greatly. This disadvantage 
lessens the determinative value of the apparatus but not its instructional value, for 
larger sections can easily be prepared especially for teaching purposes. 

With the increased span of view of the liquid-filled hemisphere, it is no longer a 
serious problem to determine which cross section of the optical indicatrix is being 
viewed. If it is centered, an acute bisectrix figure can always be distinguished from 
an obtuse bisectrix figure. With the variables properly controlled, a circle represent- 
ing a 2V of 90° can be drawn on the hemisphere. 

The 2V of a mineral can be determined approximately by measuring the spherical 
distance between the isogyres at their position of maximum separation. A mineral 
with a known and constant 2V can be used to calibrate the hemisphere. Aragonite, 
with a 2V of 18°, is excellent for this purpose. For most accurate determination, 
the effects of all variables must be considered.’ The distances from the substage 
condensing lens to the mineral section, and from the section to the polaroid, should 
be held constant, and the indices of refraction of all media that the light traverses in 
passing from the mineral to the hemisphere should be considered. The marked effect 
on the apparent axial angle made by varying the index of the medium filling the ball 
can be used to explain to students the difference between 2V and 2E. 

Special sections can be prepared to show the effects of variation in 2V, section 
orientation, and section thickness. An ordinary quartz wedge accessory plate is ex- 
cellent for illustrating the effect of thickness of section on the number and order of 
the isochromatic curves. Extra thick sections accentuate the features of the inter- 
ference figure, and the best results are obtained by the use of sections between 0.1 
and 1 millimeter in thickness. 

With the hemisphere slightly raised, the usual accessory plates can be inseried 
between the mineral section and the polaroid disk. The results are the same as with 
the normal conoscope, but they can be viewed by a group, with the instructor point- 
ing out the vibration directions and explaining the nature of retardation and com- 
pensation. The fact that the accessory plates can be rotated freely, an operation that 
is not possible with the petrographic microscope, aids in a discussion of the optical 
effects produced by them. 

In conclusion, this simple and easily constructed device, with its ping-pong ball 
hemisphere acting as a projection screen for interference effects, has considerable 
potential for instructional purposes and even some determinative possibilities. 
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THE ROLE OF THE GEOLOGY TEACHER 
IN CONSERVATION EDUCATION* 


JULIUS KAIKOW 
The City College of New York 


ABSTRACT. In the teaching of conservation in the United States, the geologic or exhaustible 
resources are being neglected to an alarming extent. The organic or renewable resources are 
receiving the greater bulk of the emphasis in conservation, often deliberately. It is the duty of 
the geology teacher to help correct this situation and bring the non-renewable resources into 
proper focus with the rest of the resources. He must assist in bringing about a correct balance 
of treatment in resource conservation education. In such a program more emphasis in this 
direction must be given to geology instruction for teacher trainees. More place for conservation 
teaching must. be found in the general geology courses in order to reach the widest possible 


academic audience. This should be made part of geology’s contribution toward general educa- 
tion and good citizenship. 


While I was in Washington during the summer of 1952 my attention was called 
to a new yearbook which was just being initiated. The publication was entitled 
Conservation Yearbook, 1952. It has since gone through 1953 and 1954 editions 
and very probably it is now a regular member of the host of yearbooks which make 
their annual appearance. 

Upon examination I found that this Yearbook was concerned strictly with the 
organic or renewable resources. The resources most nearly of a geological nature 
to which it made any reference were soils, water, and scenic beauty, and these were 
not dealt with so as to give geology any recognition. Aside from these, which have 
a direct bearing on the organic resources, the volume did not even make a pretense 
at dealing with the geologic or exhaustible resources, despite the all-inclusiveness of 
its title. 

This, I should like to say, is not at all unusual. I have lately completed a country- 
wide study of conservation education, and I can assure you that this is the state of 
affairs virtually everywhere that conservation education occurs in the United States 
—and in the rest of the world, too, for that matter. With very few exceptions the 
school children of this country are not getting a balanced picture of the conservation 
situation. The organic resources receive virtually all the attention. 

When we were living in a more or less subsistence economy, there would have 
been no objection to such a situation. Today, however, things are different. We 
are living in an age of technology—in the age of the atom and hydrogen bombs, if 
you will. Yet the sponsors of conservation education are neglecting the very re- 
sources that are responsible for our modern industry and the complex civilization of 
which we are part. The bases of all our development are the exhaustible resources 
found within the crust of the earth: the mineral or geologic resources, such as iron, 
coal, oil, copper, tin, uranium, zinc, tungsten, etc. Without their utilization it would 
not be possible to have all the conveniences and time-saving gadgets we enjoy today 


* This paper is based closely on one of similar title presented at the national meeting of the 
Association of Geology Teachers in Boston on November 15, 1952. 


| 
4 


48 JouRNAL oF GEOLOGICAL EDUCATION 


—the automobile, the railroad, the giant printing presses, the washing machine, the 
gas range, the food mixer, the radio, the transcontinental telephone, etc. Oh yes, 
even the atom bomb. 

These geological resources are the things which form the backbone of our present 
civilization. They make possible great cities and provide the means of livelihood, 
directly or indirectly, of the people who live in such cities. The products of these 
resources make it possible for people to have leisure, which provides opportunity 
for cultural pursuits. The arts, literature, scientific research, the erudition of our 
times have developed only as leisure has become available, releasing people from 
other duties more directly concerned with subsistence activities. The ancient 
Greeks and Romans, it is true, had their leisured, cultured classes, but it was at the 
expense of human slavery. Today we have such leisure as a consequence of ma- 
chine labor, rather than at the sacrifice of human values. 

The resources that have made all this possible are the geologic resources. With- 
out them we would still be back in a Paleolithic culture. They are extremely im- 
portant to all of us. Today they are at least of equal importance with the organic 
resources. If the geologic resources were suddenly withdrawn, our economy and 
our way of life would collapse completely. Yet they have rarely been drawn into 
the conservation picture where they belong. 

We may well ask why this is so. There is no simple answer to such a question. 
Our education system is at least in part to blame. It undoubtedly relates, to a large 
extent, to the training the school teachers have received at college or normal school. 
First of all, relatively little conservation information is taught to teachers-in-training, 
even today. In general, also, the potential teacher is more likely to take some sort 
of biological science rather than an earth science. She is, therefore, more apt to be 
familiar with the organic resources, and is completely oblivious of what is going on 
in the non-renewable field. Many biological survey courses have an ecological core 
or basis. There are no comparable geology survey courses, to the best of my 
knowledge. Even general science courses seem to relegate geology to something 
of very minor significance. In the teacher-training colleges geology is not infre- 
quently absent altogether, biology occupying the seat of prominence. Thus, geology 
and geological resources are not as commonly known or appreciated as are the 
organic resources. Our geologic fundament and its derivative resources are too 
commonly taken for granted, with little thought devoted to them. 

Secondly, the geography departments are also too often either absent or inade- 
quate at the teachers’ colleges. Geographers are best fitted by training to present 
well-balanced survey courses in conservation. Wherever such courses are given by 
geographers, they generally present all the angles of the conservation situation in 
the proper relationships. The biologist, however, resents the fact that anyone else 
besides himself is thought to be capable of presenting such instruction, or even that 
anyone else should be thought to have a stake in conservation. Furthermore, he 
feels that all the technical minutiae must be included in conservation instruction, 
such as the scientific names of all plants and animals involved, the types of food that 
a pintail duck consumes in September, or the percentage of ragweed seed which may 
be found in a quail’s stomach during the hunting season. The broad social values 
are lost in the mass of detail. Some of the leading biological and nature study 
organizations of the country have become pressure groups to pressure for their own 
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brand of conservation instruction in the schools and colleges of the country. And 
they have been succeeding phenomenally! In fact, to the point where the geographer 
and the geologist should begin to show considerable concern. 

I do not wish to emphasize merely the teacher-training aspects. The same re- 
marks hold true for the greater mass of liberal arts students whom we teach. As 
college teachers, most of us have our contacts largely with students in the liberal 
arts curriculum. The future leaders of this country will be college-educated people 
who have gone through the liberal arts program. These are the people we must 
work on and mold for the future good. 

It is my impression that wherever geology is taught it generally stands up well 
in competition with the other sciences. This is where we should improve upon 
our opportunities. Too many geology teachers, I’m afraid, are satisfied simply with 
giving the traditional course, going through the book from Chapter 1 through Chap- 
ter 20, or whatever it may happen to be. The course is academic and probably dry, 
too. Little attempt is made to relate the material to everyday life or to human 
ecology. Heaven forbid! That would be socializing the course, and after all 
geology is a science. 

One of the purposes of our organization, the Association of Geology Teachers, 
is to popularize geology and to spread its benefits widely. We should like to teach 
a greater percentage of the liberal arts students. An interesting course, in which 
there is timely consideration of how geological resources affect our welfare, indi- 
vidually and as a nation, would, I should think, help to increase the demand for 
our course work. Since the best we can hope for is the election of one year of 
geology by the average liberal arts student, it is in the elementary courses that 
this conservation instruction must be concentrated, preferably in the physical geology 
course. 

How? By trimming corners, if necessary, cutting out non-essentials, and by 
eliminating material of not too much future value to the average student. Anything 
which the future geology major misses at this stage can be picked up readily enough 
in the advanced courses. For one thing, too much time is commonly devoted 
to laboratory study of rocks and minerals and their memorization. This may sound 
like heresy to some of you. But let’s be honest. How long do you suppose such 
material will stick with the student, especially if he has no further contact with rock 
study after he leaves the course? It is far more useful for the student to be aware 
of the dangers to the resources on which our welfare and prosperity are based than 
to learn minutiae about rocks that he will forget in a few months anyway. More- 
over, if you insist on the usual amount of rock study, even that can be taken ad- 
vantage of and tied in with conservation data. 

It will be necessary for the geology teacher himself to become aware of what is 
going on regarding waste and depletion of our geological resources. I am not 
aware that any textbooks seriously take cognizance of the situation. Certainly there 
is little evidence that the economic geology texts recognize the problem, other than 
to note that deposits become played out or depleted. The social or national sig- 
nificances of such occurrences receive absolutely no attention. Among the elemen- 
tary texts, just two or three give any consideration to any phase of conservation. 
This is in connection with soil erosion only. The equally important matter of 
mineral depletion and 1.s effects on industry and national self-sufficiency have so far 
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escaped any discussion in textbooks of geology (among those commonly used in the 
United States). I have come across only one college that offers a course in the 
Conservation of Geological Resources. Such a course should be available on an 
elective basis in many institutions. 

It is significant to note that while Charles R. Van Hise was the initiator of 
conservation education, no other geologist of prominence since seems ever to have 
taken more than a passing interest in the matter. On this score the teaching geolo- 
gists must be taken to task. We have not only neglected an important phase of 
education ; we have also let geology down through this failure. 

In our elementary geology courses it is necessary to impress the student with 
the importance of the mineral resources and their place in today’s industrial hier- 
archy. Also to be stressed is our complete dependence on these resources for the 
material aspects of our present phase of civilization. These are matters which are 
more or less taken for granted, and they should not be. I think the student ought 
to be made to think a little bit along these lines. We should ourselves. Discuss 
the consequences of mineral depletion in both peace and war times. Envisage the 
danger to the country of exhausted geological resources. Consider with your classes 
how resources are wasted and what may be done to rectify the situation. Discuss 
the possible use of substitutes, where such can be used to advantage. Explore the 
desirability of controlled use of certain mineral raw materials. Consider the con- 
servational values of re-using metals. Conservation of metals was emphasized dur- 
ing the Second World War, when tin cans and other metals were collected for 
patriotic reasons—to release the greatest amount of metal, especially tin, iron, and 
aluminum, for the war effort. In peace time, too, when it is not a dramatic gesture, 
non-renewable resources should be used carefully, without waste. It may possibly 
be cheaper at the moment to mine fresh iron ore than to re-use millions of tin cans, 
which are discarded annually, but what of our future iron supply? If more used 
cans were smelted down and the metals recovered, our large steel companies would 
have less need for resorting so soon to the development of Venezuelan, Canadian, 
and other foreign ores. Furthermore, we would have’ to import lesser quantities 
of tin. If more aluminum and copper found their way into the scrap heaps for 
recovery, we would have less need to rely on such a high percentage of imported 
ores, and so on. 

As geology teachers we must do our share to teach our students the need for 
conservation. We should let the world know that geology, also, has a share in the 
conservation of resources and in education for that purpose. Let us try to convince 
the student that he, too, has at least a small responsibility in resource conservation ; 
and that he needs to carry out his little part. If he comes to realize that that old 
key, for which he has no more use, should go into a scrap pile rather than into the 
garbage can, and he actually places it on the scrap heap, then we will know that we 
are accomplishing something worthwhile towards our goal. If we accomplish this 
in our students, we will have contributed to both character building and citizenship 
training—the ultimate goals of all liberal general education. And we will have come 
a long way toward the aim of conservation itself, which is the greatest good to the 
greatest number of people for the longest period of time. 
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MNEMONIC DEVICES IN GEOLOGY 


CHARLES G. HIGGINS 


University of California, Davis 


ABSTRACT. The author presents a general discussion of mnemonic devices as an aid in learn- 
ing word lists and gives some examples applied to geological word lists. 


Among the fruits of Man’s passion to classify and arrange his knowledge are 
various scales of numbers and lists of words. Number scales have been used to 
classify such quantitatively measurable things as brightness of stars, flow of springs, 
and the spectrum of electromagnetic radiation. More widely used are word lists. 
This method of classification lends itself to almost any natural or artificial system 
involving some relative order of occurrence—in time, position, size, abundance, stage 
of development, “importance,” and so on. Examples range from a timetable’s list 
of stations along a railroad to the names of the cultural stages of Man’s development 
or to periods in the earth’s history. 

Such word lists are important—even basic—to modern thought, for only by 
arranging objects and events in some order can we interpret them. Many lists, 
such as the alphabet and the names of numbers, are so essential to coherent thought 
that they must be memorized by everyone; other lists need to be memorized or con- 
sulted only by students of specialized branches of knowledge. This paper concerns 
word lists which students in elementary geology courses are ordinarily expected to 
memorize. 

To the beginning geology student the task of memorizing words like fluorite and 
feldspar in the hardness scale, or Ordovician and Oligocene in the time scale, is 
discouraging enough without the additional burden of learning their order. For- 
tunately, once he becomes familiar with the words themselves, various mnemonic 
devices or memory aids can help him learn the words’ respective positions in the 
scales. 

Some of the memory-aid “jingles” used by geology teachers for many years and 
some new ones are presented here in the hope that they will be useful to other 
teachers and will perhaps suggest additional jingles. 

A good example of the simplest kind of memory aid is the following classic one, 
C. HOPKINS CaFe M(ighty) g(ood), in which symbols for the chemical elements 
essential to organic growth are arranged to make words. Unfortunately, in this 
type of device the order of the words or symbols must usually be sacrificed to make 
intelligible words. For instance, the word AOALBA, constructed from the first 
letters of the plagioclase feldspar minerals, arranged in order of decreasing per- 
centage of sodium, is neither intelligible nor, more important, memorable (in the 
sense of memorizable). 

Less simple, but more satisfactory for showing the order of words in a series, 
is a memorable list of words, each word having the same initial letter, letters, or 
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syllable as the corresponding word in the series. Some of the following examples 


of this type of device can undoubtedly be improved upon by imaginative students 
or instructors: 


Mous’ MINERAL HarpNeEss SCALE, WITH TRADITIONAL MNEMONIC JINGLE 


1. Talc Tall 6. Feldspar felt 
2. Gypsum green 7. Quartz queer 
3. Calcite cow 8. Topaz to 

4. Fluorite flew 9. Corundum come 
5. Apatite away, 10. Diamond down. 


RELATIVE ABUNDANCE OF ELEMENTS IN THE EartH’s Crust, WITH JINGLE By C. G. Hiccrns 


1. Oxygen Only 3. Aluminum asses 5. Calcium college 7. Potassium past 
2. Silicon — silly 4. Iron in 6. Sodium = study 8. Magnesium midnight. 
TerTIARY Epocus, 
Pa.eozoic PERIops, WITH TRADITIONAL JINGLE 
WITH JINGLES BY: 
Cambrian Campbell's 
C. R. Brspop? L. M. Goutp* 
Ordovician ordinary 
Silurian soup Paleocene Put Please 
Devonian does Eocene eggs eat 
Mississippian make Oligocene on oatmeal, 
Pennsylvanian Peter Miocene my my 
Permian pale. Pliocene plate. pet. 


The final example, below, shows that use of such simple memory aids is not 
restricted to simple word lists in elementary geology courses: 


MINERAL PHASES PropuCED WITH RISING TEMPERATURES IN THE METAMORPHISM 
oF Do.omitic Limestone, By N. L. Bowen* 


1. Tremolite Tremble, 6. Monticellite monstrous 
2. Forsterite for 7. Akermanite acrimony’s 
3. Diopside dire 8. Spurrite spurning 
4. Periclase peril 9. Merwinite mercy’s 

5. Wollastonite walks; 10. Larnite laws. 


This inspired choice of words, each matching the first syllable and general sound 
of the corresponding mineral name, produces a sentence that, while nearly meaning- 
less, is nevertheless quite memorable. Thus, a successful mnemonic device is judged, 
not by the “sense” it makes nor by the subject of the word list to which it is keyed, 


but by (1) the degree to which the words suggest the corresponding words and (2) 
their memorability. 


1 No slur is intended toward the Campbell Soup Company. The unknown author of this 
jingle probably felt that the name “Campbell’s” is so widely known that it has nearly become a 
household synonym for “soup.” 

2 Student at the University of California, Davis. The Pleistocene and Recent epochs of the 
Quaternary may be indicated by adding “please, Roger” to the jingle. 

Personal communication. 


* Bowen, N. L., 1940, Progressive metamorphism of siliceous limestone and dolomite: Jour. 
Geol., v. 48, p. 225-274. See footnote 29, p. 260. 
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PROJECTED SLIDES OF STADIA SITUATIONS 
FOR GROUP INSTRUCTION AND EXAMINATION 


RICHARD L. THREET 
University of Nebraska 


ABSTRACT. For purposes of preliminary instruction or examination of large classes in stadia 
surveying, a great amount of time-consuming, individual supervision, necessitated by work 
with actual equipment, can be replaced effectively by using projected Kodachrome slides of 
various stadia situations. If slides, showing a stadia rod photographed from various distances 
and vertical angles, are projected onto a circular screen on which black lines have been ruled 
to simulate the stadia hairs seen through the telescopic alidade or transit, and if close-up slides 
of the instrument scales are projected onto an ordinary screen, a rather realistic “traverse” can be 
run in the classroom. This method permits simultaneous observation and recording of the rod 


and instrument scale values by all of the students in a class, for convenience in checking and 
instruction. 


INTRODUCTION 


In examinations or instruction dealing with stadia surveying, it is ordinary prac- 
tice to hand out paper sheets or notebook forms containing the raw data (e.g., vertical 
angle or Beaman scale readings, stadia interval, the “middle hair” reading) and have 
the students make appropriate computations. This procedure gives excellent prac- 
tice in the arithmetic of stadia work but not in reading rod values and instrument 
scales quickly and accurately, and it offers no check on the latter. An alternative 
method, that of having each student read the various values and make computations 
under actual conditions (in the field with standard equipment or in the classroom 
with a miniature stadia rod), requires considerable individual supervision and uses 
much time that can be spent more profitably. 

For examinations and for preliminary instruction and practice the writer has 
been highly satisfied with projected Kodachrome slides of various stadia rod readings 
and instrument scales used instead of the actual equipment. The chief advantage 
of the slide method is that it provides a rather realistic approach and allows all stu- 
dents to make the observations and readings simultaneously, in the proper sequence, 
and at a speed which promotes alertness. This method may be useful to other in- 
structors who face the problem of supervising and examining relatively large classes 
in surveving. 

TECHNIQUES 


Kodachrome slides of a stadia rod, photographed from various vertical angles 
and distances, can be projected onto a circular screen on which black lines have been 
ruled to simulate the cross-hairs and stadia hairs ordinarily seen through the tele- 
scope of a transit or alidade. The screen may be of white cardboard, plywood, or 
similar rigid sheeting which can be cut to shape. The distance between the “stadia 
hairs” should be approximately one fourth of the diameter of the circular screen. 

Extreme close-up slides of the various scales and verniers of the stadia instru- 
ment can be projected onto a separate, ordinary screen for complementary practice 
in instrumental observations. Additional realism can be injected by slides showing 
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level bubbles, Stebinger drum, etc. By judicious mixing of the various types of 
slides in the proper sequence, a surprisingly realistic “traverse” can be run through 
diverse situations. 

Although considerable variety of “notes” can be achieved with only a few slides 
of the stadia rod and a few close-ups of the scales, the writer has found that a series 
of slides embracing the following situations may be desirable: 


(a) Stadia rod photographed with horizontal line of sight and from positive 
and negative vertical angles of 5°, 10°, and 20°, from distances such that the 
various picture frames include the equivalent of one half, one, and two rod 
lengths. (A more realistic perspective is obtained if a telephoto lens is used to 
make the photographs of the rod.) 

(b) Approximately 1 :1 close-ups of the vertical angle arc and vernier of a 
transit or telescopic alidade (with complementary slides of the corresponding 
horizontal distance correction and Beaman scales for instruments so equipped ) 
at various settings of positive and negative angles up to 20° or more, including 
a “key” slide of exactly 0° 00’ (30° 00’ on some instruments) to illustrate index 
control. 


In projecting the “rod” slides, the projector may be shifted laterally to “cut in” 
the rod with the vertical cross-hair. The elevating screw found on most good pro- 
jectors serves as the “fine-adjustment screw” to bring the slide to the desired rod 
reading, in a very realistic manner. If the “stadia hair” screen is mounted on a 
portable support, rather than on the wall, the projection distance can be varied to 
extend the range of possible “stadia intervals” from a limited number of slides; 
and if screens of approximately one, two, and three (or more) feet in diameter are 
used, the versatility of the slides is further enhanced. It is of little practical signifi- 
cance here that, theoretically, a fixed viewing distance of approximately 100 times 
the spacing of the “stadia hairs” should give the most realistic perspective ; visual 


comfort and convenience should be the most important considerations. 

This short note has indicated only a few of the possibilities of the method. Simi- 
lar techniques could be applied to scales on the Brunton compass, stereoscopic paral- 
lax bar, slide rule, and other items of equipment used in geologic work. As more 
work is done with this and related methods, improvements and modifications will 
be suggested. 
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MAGNETIC DECLINATION DEMONSTRATOR 


J. DONALD RYAN anp BRADFORD WILLARD 
Lehigh University 


ABSTRACT. The construction of a device to demonstrate the method of correcting a com- 
pass, so that true bearings may be read from it rather than magnetic bearings, is described. 
Examples are given to illustrate its use. 


Among the pedagogical cares which beset the teacher of field geology is the 
problem of clearly demonstrating to beginning students the method of correcting a 
compass, so that true bearings may be directly read from it rather than magnetic 
bearings. The writers have had some success in solving this problem with a simple 
home-made device herein called the magnetic declination demonstrator. The dem- 
onstrator is a cardboard model of a Brunton compass, somewhat modified to meet 
the requirements of the classroom. 


CONSTRUCTION 


The dimensions here recommended are such that the demonstrator is easily 
read at a maximum distance of 20 feet. 

A sheet of stiff white cardboard, about one yard square, forms the base. 
Around the center of this sheet, a circle with a radius of one foot is described. On 
this circle, the cardinal points N(orth), S(outh), E(ast), and W(est) are marked 
and labeled, the last two points being reversed as on the usual Brunton compass. 
This circle corresponds to the fixed outer ring of the compass. 

On a second sheet of cardboard, two concentric circles with radii of nine inches 
and eleven inches are described. The cardinal points are again established and the 
first and fourth quadrants of the outer circle are graduated to read from 0° at north 
to 90° east and west. Appropriate numbers for the graduations are drafted in the 
space between the two circles. The sheet is then cut around the outer margin of 
the outer circle so that the line shows clearly. This part of the model represents 
the adjustable inner circle of the Brunton compass. 

From remaining scraps of cardboard, two strips, each nine inches long and 
one inch wide, are cut out. One end of each strip is then cut to form a point. One 
strip is marked “N” (north) and one “MN” (magnetic north). <A third strip 
is identical except that it is T-shaped with a three-inch bar at its base. The stem 
of the T is labeled “S” (line of sight or strike) ; the letter “D” (dip) and two 
arrows (see Figure 1) are drafted on the short bar. 

A small hole is punched through the base of each pointer and through the 
centers of the cardboard disc and base. The various components of the model 
are then fastened together in the following order: 


1. Base 

2. Graduated disc 
3. “N” pointer 
4. “MN” pointer 
5. “S” pointer 
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This can best be accomplished with a bifurcated brass paper fastener, head up. 
The fastener should fit snugly so that the pointers will remain in place when the 
demonstrator is held in a vertical position. 


SUGGESTED OPERATION ~ 


The principle of magnetic declination is explained using an isogonic chart of 
North America. Three axioms are easily verified : 

Axiom 1: If the observer is stationed on the agonic line, he, the magnetic pole, 
and the north pole are in line. Magnetic declination is zero. 

Axiom 2: If the observer is stationed west of the agonic line, the magnetic pole 
is east of the north pole. Magnetic declination is said to be east. 

Axiom 3: If the observer is stationed east of the agonic line, the magnetic pole 
is west of the north pole. Magnetic declination is said to be west. 

This discussion is followed by examples illustrating the method of correcting 
a compass so that true rather than magnetic bearings may be read directly. 

Given: In an area where magnetic declination is 10° east, an observer using a 
compass uncorrected for magnetic declination reads a bearing of N 50° E. 

Discussion: (See Figure 1.) Initially, zero on the inner ring of the demon- 
strator is set opposite the “N” index of the outer circle. With this setting, the 
demonstrator represents a compass uncorreced for magnetic declination. 

The pointer marked “‘S” is set in position to mark the observer’s line of sight— 
that is, pointing toward the letter “N” on the outer ring of the compass. The 
“MN” arrow, corresponding to the needle of the compass, is set on 50° in the 
fourth quadrant of the inner circle. Since magnetic declination is 10° east, true 
north is 10° west of magnetic north, and this can be illustrated on the demonstrator 
by setting the pointer marked “N” (true north) 10° west of the “MN” pointer. 
The demonstrator now reveals that, although the bearing of the line as read from 
the uncorrected compass is N 50° E, the true bearing (that is, the direction of 
the line with respect to true north) is N 60° E. In order to correct the compass 
so that the true bearing can be read directly, it is only necessary to rotate the 
inner ring of the compass 10° clockwise (east), after which the “MN” arrow 
points to 60° in the fourth quadrant. 

This demonstration gives rise to the following rules: 

1. If magnetic declination is east, all magnetic bearings in the northeast 
quadrant of the earth (first quadrant of the compass) must be corrected by 
adding the magnetic declination to the observed reading. (This is also true of 
bearings in the southwest quadrant and can be demonstrated if desired.) 

2. The Brunton compass can be adjusted to give the true bearing in the above 
case by rotating the inner ring of the compass clockwise (east) an amount equal 
to the magnetic declination of the area. 

There follows a similar demonstration covering the case where magnetic decli- 
nation is still east but the bearing observed is in the northwest quadrant of the 
earth (fourth quadrant of the compass). The appropriate rules for this situation 
are then stated. It is also pointed out that Rule 2 above is a general rule covering 
all cases where magnetic declination is east. 

Finally, demonstrations are made to illustrate those rules which apply in areas 
where magnetic declination is west. 
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STRIKE AND DIRECTION OF DIP 


Years ago at a symposium on teaching geology, William Morris Davis remarked 
that in his opinion the idea of strike and dip was the most difficult concept to 
demonstrate to elementary students. The demonstrator has been helpful in this 
area too. By using the “S” pointer to indicate strike, the relationship of direction 
of dip to direction of strike is illustrated by the letter “D” and the arrows on the 
short crossbar of the pointer (see Figure 1). 


S 


Fic. 1. Magnetic declination demonstrator. At full size the outer circle has a radius 
of one foot. 
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THE ELEMENTARY COURSE TEXTBOOK DILEMMA* 


LAWRENCE WHITCOMB 
Lehigh University 


ABSTRACT. The elementary course in geology is the recruiting ground of the science. A 
text for such a course should therefore be written with this in mind. There is no need to try 
to cover everything nor is there need to introduce a lot of chemistry and mathematics. A text 
for an elementary course should be written to explain the basic ideas and to create an interest 
in the subject. It should attract rather than repel students if the science is to grow. Some 
authors seem to have forgotten these facts. 


Geology, both as a science and as a profession, has tremendous stakes wagered 
on the elementary courses that are given and the texts that are used in this 
country. Have the wagers been laid on the winning side? In order to answer 
that question, one must analyze carefully the function of elementary courses and 
texts in geology. 

A point which has been discussed at many meetings, over a period of years, 
is how we can interest more and better students in geology as a career. It is 
generally accepted that the great majority of students entering our colleges and 
universities do not know what geology is and what opportunities are open in 
this field. This is partially due to the fact that the old course in “Physiography” 
has disappeared from most of our secondary schools. Lack of a good “press” 
and lack of advertising are also contributing factors. Courses in “General Science” 
which are now the vogue may bring in a little geology, but as they also bring in 
as much or more biology, chemistry and physics, they do little to advance the 
science of geology. An entering college freshman may ask what geology is and 
not be considered ignorant, but if one asked the same question about chemistry 
or biology, he would be classified as a “mistake of the Admissions Office.” 

The elementary course in geology must therefore be considered to be the 
major recruiting office for the science. The students will be enrolled for many 
different reasons ranging from the fulfillment of a science requirement, to con- 
venient hours, or possibly to pure intellectual curiosity. If the student is not 
sold by the first course, he will not come back for a second. Some of these stu- 
dents, and we always hope that they will be from among the better ones, will 
decide to major in geology. More than ninety per cent of those enrolled in an 
elementary course will, however, never become geologists. Without this large 
group of transient non-professionals our departments of geology would wither 
on the vine. No large department could ever exist if it were limited to those 
students who come to college as freshmen with the express purpose of becoming 
geologists. The large first course provides converts and is therefore the life 
blood of the department and of the science. 

This being the case, it would seem wise to evaluate carefully the elementary 
course and the elementary text. What is their prime function? Contrary to 


* Presented on April 16, 1955, at the fifth annual meeting of the Eastern Section of the Asso- 
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the belief of some people, it is not the function of an elementary course to train 
geologists. The elementary course should be interesting, should introduce the 
science of geology, should teach a method of orderly thinking and writing, should 
open a student’s eyes to the nature of the earth on which he lives and works, 
and should point out the opportunities for advanced study and employment. 
Any course that can fulfill these requirements in a single semester or a year 
can well be considered a highly successful course. A course does not have to 
be made a “snap” nor does it have to be made extremely technical to attain 
these goals. 

It is obvious that an elementary course or text must deal with facts. On the 
other hand, it is not necessary for an elementary course or text to try to include 
all of the known facts. Something should be left for the ones that are to come later. 
It is not necessary to show how complicated a subject can be, but rather how 
order can be obtained from apparent confusion. Elementary texts should there- 
fore be interesting and easy reading, understandable to the ninety-odd per cent 
who will never take another course in geology. Their primary purpose should 
be to show how fascinating and diverse the problems of geology can be, and to 
solve some of the simpler problems. Footnotes and references at the end of the 
chapters can provide more technical reading for the “eager beaver” who thinks 
that he must learn everything in the first course. 

Until the urge to find out more about geology has been established, it is 
foolish to provide highly technical material. If it is included too soon, it only 
serves to turn people away from the course or to kill their interest. Some of the 
people turned away might well have decided to major in geology and might have 
been potential leaders. 

How much knowledge of chemistry, for instance, should be expected of a 
student in an elementary course in geology? There are colleges where one may 
not take geology until one has had a course in college chemistry. Such a pre- 
requisite of chemistry may well keep good students out of geology. It is true 
that a geologist needs chemistry, but does he need it for an elementary course? 
Many a student, who would not take chemistry just so that he could be eligible 
to take a course in geology, about which he knows nothing, would willingly take 
the course, when he understands how necessary it is, if he is to take the advanced 
geological courses which he desires. 

The same question can be raised regarding mathematics and physics or even 
astronomy. Complex mathematical formulae are not needed in an elementary 
course and a knowledge of optics is not needed before one uses the petrographic 
microscope. It is possible to understand a great deal, but of course not quite 
all, about the earth without a knowledge of the problems of the solar system 
and interstellar space. 

A study of entrance requirements, as listed in various college catalogues, 
will show that the usual procedure is to require some science, but the science 
is not specified. As a result there is no uniformity and many students enter 
our colleges with no knowledge of chemistry or physics, offering biology to 
meet this science requirement. 

If a knowledge of these other sciences is not absolutely essential to the study 
of elementary geology, why not leave them out of the texts and the lectures? 
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The chemical formula and the mathematical equation may look very good to 
the reviewer of a new book, but to many a student they become real hazards. 
If the basic principle involved cannot be stated in simple English, it is quite 
possible that the subject had better be left out of an elementary text. 

Each year there are new discoveries in the field of geology, each year old 
theories have to be reconsidered. Each year the literature becomes more com- 
plex, so that the geologist has greater need for the abstract journals and bibliogra- 
phies. The science is growing rapidly, but does that mean that the elementary 
course must try to grow as rapidly? Is it possible, necessary or even wise for 
it to discuss all of the latest developments? Would it not be better to be sure 
that the elementary student has a firm foundation of fundamentals upon which 
other courses can build? There is, after all, a limit to what can be included in 
any given course. If lecture hours or textbook chapters are devoted to chem- 
istry, physics or mathematics, some geology will have to be displaced to give 
them space. 

On examining some of the recent texts that have been published, one wonders 
if the authors have thought of or cared for the student reaction. It is some- 
times hard to remember how little one knew when one took his first course in 
geology. Are the elementary texts being written for the future professional © 
or for the ninety-odd per cent who will never major in the subject? How many 
of our present-day successful geologists would have been lost to the science, 
if they had been forced into chemistry, physics, mathematics, or astronomy in 
their first course and elementary text? 

It may be argued that the good student, who will be the outstanding geologist 
of the years to come, can handle these new texts without difficulty. This may 
be true, but what about those who will never go beyond the elementary course? 
Should they not be given consideration? What geology needs is more people 
taking elementary courses, not less, for out of the increased numbers will come 
a more enlightened public and more good geologists. 
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TEACHING ELEMENTARY GEOLOGY 
IN THE SMALL LIBERAL ARTS COLLEGE* 


RICHARD M. FOOSE 
Franklin and Marshall College 


ABSTRACT. Inasmall liberal arts college the elementary geology courses can be so presented 
as to meet the needs not only of future geology majors but also of students majoring in the 
humanities. Such a dual function is facilitated by small classes, permitting a close approxima- 
tion to individual instruction. 


The basic philosophy on which the elementary geology courses at Franklin and 
Marshall College have been organized is twofold. First, it rests on a firm convic- 
tion that the courses should fit into the framework of the liberal arts program to 
which the College is devoted. Therefore, one of our two main goals is to enrich 
the cultural background of students interested primarily in the humanities, by 
teaching them the scientific method and by acquainting them with those aspects of 
major geologic problems that will help them achieve a fuller appreciation of the 
earth and its features. Secondly, the organization of the courses is predicated on 
the need to accomplish in a thorough manner the initial geologic training of those 
who wish to pursue geologic science as a vocation, and thus to prepare such students 
adequately for the more intensive advanced courses in the department. 

When first considering these two philosophic tenets, one might consider them 
to be incompatible within the operation of a single course. Indeed, two separate 
courses with differing content and plan are operated at the elementary level by 
the departments of Biology and Chemistry at Franklin and Marshall College, to 
meet the separate needs expressed above. However, our organization of the courses 
in physical and historical geology is flexible enough so that the two ideas are not 
incompatible ; indeed, each works to the advantage of the other. 

I think two students—one who is specializing in the humanities and taking the 
geology courses to meet his science requirement, and the other who intends to 
specialize in geology—would summarize their reactions upon completing the 
courses as follows: 

The humanities student would say, “They were rigorous courses in which I 
learned not only the scientific method but also considerable detail about geologic 
processes, geologic history, and the major geologic problems.” 

The geology student would say, “I learned a great deal of geology but was 
surprised to learn also much about the history of the science, its relation to philoso- 
phy and to the other sciences, and the relationship of geologic science to our 
modern civilization.” 

In short, both got something more than they might have bargained for. Inevi- 
tably, there are some students who are dissatisfied with such a result, but these 


* Presented on April 16, 1955, at the fifth annual meeting of the Eastern Section of the 
Association of Geology Teachers, at Franklin and Marshall College, Lancaster, Pennsylvania. 
This paper was part of a symposium on the philosophy and operation of elementary geology 
courses at different types of colleges and universities. 
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are almost certain to be poor students. The large majority, including many who 
have received grades that won’t particularly enhance their academic transcripts, 
are delighted with the realization that they have learned a great deal about many 
things that have broadened their appreciation of the world in which they live. 
This is education in the best liberal arts tradition! 

One of the highly desirable results is that some excellent students, who originally 
intended to specialize in the humanities, turn to geology with intense interest and 
become some of our best students. Conversely, there are those who leave the field 
of geology for the humanities or perhaps one of the related sciences. This is 
healthy cross-pollination that is bound to strengthen all the educational disciplines 
that are involved. 

The basic ideas expressed above are implemented at Franklin and Marshall 
in the following way: 

1. Class meetings. Each section of the class has two one-hour lecture meetings 
weekly (thirty each semester). There is only limited opportunity for questions 
and answers during these meetings. The lectures: are integrated with the text 
that is being used but are independent of it. The two are meant to be complemen- 
tary. Each week there is one one-hour discussion meeting, conducted according 
to the wishes of the individual instructor. There is normally ample opportunity 
for every student to ask questions concerning the lectures given that week. The 
instructor, in turn, may ask questions of the students. He may supplement the 
preceding lectures with examples and frequently with visual material (slides, 
movies, etc.). A ten-minute quiz, covering the last two lectures, is usually given. 
In the weekly three-hour laboratory meeting no published manual is used. Special 
exercises have been designed to supplement the lecture material. There is con- 
siderable flexibility in the work so the students can be challenged according to 
their differing personal levels of ability and potential achievement. 

One half-day field trip and one full-day trip are required for every student 
each semester. The unique geographic location of the College affords an oppor- 
tunity to drive to six different physiographic provinces within one hour. The 
field trips have been planned so that nearly every aspect of the lecture and labora- 
tory work can be observed and studied by the student in the field. Here, too, 
there is considerable flexibility in the operation of the trips, so that all students 
may be challenged in accordance with their different levels of possible achievement. 

2. Administration. All members of the departmental staff participate in the 
courses, each of the four men having one lecture and laboratory section. All stu- 
dents take the same final examination. Other examinations are prepared by the 
individual instructor, but only after the full staff has discussed the basic principles 
to be tested to insure uniformity of general approach and degree of difficulty. 

Class sections are limited to 30-35 students. Each laboratory session has two 
or three student assistants in addition to the instructor. The size of field-trip 
groups is limited to 15-20 students. This factor of class size is considered to be 
one of the greatest importance in the entire program. The fact that there is a 
close approximation to individual instruction in both laboratory and field is a 
most important feature of the liberal arts program. 
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ELEMENTARY GEOLOGY IN A LARGE 
STATE UNIVERSITY—PENN STATE* 


WAKEFIELD DORT, JR. 


The Pennsylvania State University 


ABSTRACT. To provide instruction suited to large numbers of university students of highly 
diversified interests, capabilities, and training, Penn State offers six courses in elementary 
geology each year—three in physical geology, two in historical geology, and one in combined 
physical and historical geology. Four of these are repeated each semester. The resulting load 
on staff, space, and equipment is heavy. 


Elementary geology is taught at The Pennsylvania State University to serve as 
(1) an initial requirement for students who wish to major in geology, or in any of 
the other curricula of the College of Mineral Industries, (2) a requirement for 
certain curricula in Agriculture, Education, Engineering, and Forestry, and (3) 
one of several possible choices for required science or elective credit in other 
curricula. 

Many of the problems inherent in the teaching of elementary geology at Penn 
State are attributable to the large size of the university and the great variety of 
its students. Undergraduate enrollment on the main campus now exceeds 10,000 
students, in nine colleges with a total of 60 different curricula. Students from 
any of these curricula, science or non-science, may enroll in a course in elementary 
geology at some point in their scholastic careers. Some enrollees in the elementary 
courses have already received a basic training in science and scientific thinking. 
Others have previously had nothing more than a high-school course in general 
science and blanche at the thought of taking science at the college level. Further- 
more, different degrees of college advancement may be represented in a single 
course, sometimes placing first semester freshmen in competition with graduating 
seniors. 

Penn State is a land-grant state university serving the citizens of Pennsylvania. 
Heavy demand for admission results in less opportunity to screen applicants 
according to IO or demonstrated scholastic abilities than is available in a smaller, 
private institution. Although every attempt is made to maintain a student body of 
high calibre, the academic prowess of some individuals is not outstanding. 

It is therefore necessary that the courses in elementary geology at Penn State 
be suited to students of highly varied interests, capabilities, training, and academic 
standing. To offer a single basic course in elementary geology for students from 
all parts of the university would allow for no variation in instruction to fit the 
interests and qualifications of any specific group of students. The course would 
be either too advanced for the non-science lower-classmen or too easy for upper- 
classmen and science majors. The staff teaching load would be relatively low, 
but individual instruction would be virtually absent. 

The alternative is to offer several elementary courses, each tailored to the 

* Presented on April 16, 1955, at the fifth annual meeting of the Eastern Section of the 
Association of Geology Teachers, at Franklin and Marshall College, Lancaster, Pennsylvania. 
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needs of a certain type of student. Staff teaching load is then increased markedly, 
but individual instruction is more easily obtained. This latter policy is followed 
at Penn State. There are six different courses in elementary geology, each with 
two hours of lecture and two or three hours of laboratory weekly, as follows: 

There are three physical geology courses: (1) Geology 20, especially for freshmen of 
non-science curricula and emphasizing the geologic interpretation of landforms, which may or 
may not be followed by Geology 21; (2) Geology 31, an introductory course required of all 
freshmen in the College of Mineral Industries, which emphasizes geologic processes; (3) 
Geology 71, a terminal course required of Civil Engineering students, which emphasizes the 
engineering applications of geology. 

Two courses are historical: (1) Geology 21, a terminal course especially for freshmen 
of non-science curricula, which emphasizes the broad concepts of geologic change and geologic 
methodology; (2) Geology 32, required of all freshmen in the College of Mineral Industries, 
which emphasizes methods and materials used in interpreting geologic history. 

One course combines physical and historical geology—Geology 30, planned for Agriculture, 
Science Education, and Forestry students and devoting extra consideration to weathering 
processes and soil formation. 

As special interests of the student groups differ, so also differ the details of 
presentation of subject matter and the special emphasis of each course. Different 
textbooks, different laboratory manuals, and different instructional techniques fur- 
ther separate the courses. 

The large number of separate courses discussing elementary geology at Penn 
State is in effect increased by the fact that four of them (Geology 20, 21, 31, 32) 
are repeated each semester. Therefore, the Geology Department offers ten 
separate courses in elementary geology each academic year. 

Enrollment in all the elementary geology courses, which varies from semester 
to semester, has totalled as much as 700 students in a single semester. All lectures 
are presented by men of professorial rank. Every attempt is made to limit labora- 
tory sections to 25 students, to increase the availability of individual instruction. 
To satisfy the demand, 25 to 30 laboratory sections are usually scheduled each 
semester. Most of these are taught by graduate assistants, but at least one section 
in each course is customarily taught by the professor in charge of the course, so 
he may maintain contact with that phase of the instruction. Coordination with 
the graduate assistants is achieved through one-hour weekly conferences. Limita- 
tions on funds for assistantships, or even on the number of qualified graduate 
students, may result in higher laboratory loads for the professorial staff. 

The high number of laboratory sections produces in turn many problems of 
space and equipment. Several rooms are required in order to handle all of the 
laboratory sections in a six-day week. No single set of laboratory equipment, be 
it rocks and minerals, topographic maps, or structure models, can satisfy the 
demands from several courses scheduling laboratory sections concurrently in 
separate rooms. Furthermore, the battle does not end with the initial purchase 
of duplicate sets of equipment and supplies, for the wear and tear loss is great. 
Considerable sums must be budgeted for replacement of material each year. 

In summary, the guiding educational philosophy is to provide elementary geology 
courses fitted to the individual needs of as many students throughout the university 
as possible. The present methods of attempting to fulfill these aims receive periodic 
discussion and evaluation by the staff and are open to modification as the need 
arises. 
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TEACHING GEOLOGY 
TO CIVIL ENGINEERING STUDENTS* 


GEORGE R. JENKINS 
Lehigh University 


ABSTRACT. In many institutions there is provision for only one course in geology in the 
curriculum in civil engineering. This course must provide not only an introduction to geology 
but also as much knowledge of the applications of geology to engineering practice as is 
feasible. Engineering students should be offered a special course to meet these needs. As a 
group they are relatively more homogeneous as to ability, background, and-interests than are 
the students from other curricula who enroll in introductory courses in geology. In general, 
however, they do not learn the new ‘(to them) field of geology much more rapidly than do 
other students. Trimming of some topics of classical geology is necessary to provide time 
for study of engineering applications. The problem is to retain enough of the fundamentals 
so that the geological knowledge acquired by the students will be serviceable to them in 
their professional careers. Developments in textbooks reflect the trends in curriculum re- 
quirements and the problems of selecting the most useful topics in geology and the fields of 
its application in engineering. ; 


INTRODUCTION 


Civil engineering, like other fields of study, has elaborated its knowledge over 
the years. This has resulted in a tendency for the curriculum set up for its students 
to be concentrated heavily in the professional courses and their close collaterals. 
Such a concentration can be accomplished, of course, only at the expense of general 
studies and other collaterals, such as geology, that are recognized as being of 
secondary importance to the professional engineering field. This is not the place 
for us to debate whether or not this trend, so widespread in education, is sound, 
and how far it will go. The important fact for us is that it exists, and that as a 
result teachers of geology are assigned the task of providing in a single course all 
of the geological background that a civil engineering student will get. 

- For some of these students there is no problem. They will enter branches of 
civil engineering or other pursuits which are remote from geology. Others, 
however, and we have no way of knowing which ones, will engage in engineering 
work which will be closely tied to geology. Our problem, then, is to do the best 
we can for them. At thie outset we can agree that our first task is to teach the 
fundamentals of our science as thoroughly as we know how. In that respect our 
approach is no different from that required in any introductory geology course. 
However, in general the civil engineers are considered to be a distinct group and 
as such they are offered a special course. There are sound reasons for doing so. 


BACKGROUND OF CIVIL ENGINEERING STUDENTS 


One is that the civil engineering group is homogeneous as regards stage of 
academic advancement and, to some degree, in ability. Geology is placed in the 
* Presented on April 16, 1955, at the fifth annual meeting of the Eastern Section of the 
Association of Geology Teachers, at Franklin and Marshall College, Lancaster, Pennsylvania. 


This paper was part of a symposium on the philosophy and operation of elementary geology 
courses at different types of colleges and universities. - 
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curriculum perhaps in the second half of the sophomore year or later. Therefore, 
the really weak students have been eliminated from the group. This particularly 
distinguishes the engineering group from those in the usual introductory geology 
course, which is likely to include a number of freshmen. In spite of propaganda to 
the contrary, however, there is no noticeable difference between engineers and 
others with respct to the number and quality of good students. 

Homogeneity is noticeable also with respect to the background of the engineer- 
ing students. Usually by the time they take geology they have had a uniform 
freshman year in the engineering curriculum and at least one semester in addition. 
They have had chemistry, physics, mathematics including some calculus, mechanics, 
and engineering drawing. Suprisingly, this background does not mean as much 
as one might think. Like students in general, civil engineers show a discouraging 
lack of “transfer of training.” For example, having had chemistry does not en- 
able them to learn about minerals and rocks much more readily than other stu- 
dents. On the other hand, they more definitely appreciate and enjoy structural 
geology, at least in part as a result of having developed a sense for three-dimen- 
sional thinking from engineering drawing and mathematics. 

In other respects, too, the background of engineers places them at an advantage 
in comparison with arts and business students. The engineers are not taking 
geology to fulfill a science requirement. Therefore, there is no need to use the 
course to establish the meaning of scientific method, nor to introduce the students 
to fundamental concepts of matter and energy. 


ATTITUDE OF STUDENTS 


In still another respect engineers are different. They have a professional 
attitude by the sophomore year. This works in two ways. On the one hand, they 
are eager for so-called “practical” applications of geology. On the other hand, 
they are impatient with fundamentals as such. Unfortunately, it requires con- 
siderable persuasion to establish the point that we cannot apply knowledge very 
successfully until we have some to apply. 

In total, it would seem that teaching introductory geology to engineers might 
be quite different from teaching it to other students. In actuality the difference 
is more apparent than real. As in any introductory geology, our first and fore- 
most goal, of course, is to cover the fundamentals of the science. Moreover, 
students are what they are, and one group is not strikingly different from another 
when it is confronted with a new field of study. 


HOW TO MEET THEIR NEEDS 


However, in attempting to do the best we can, there are opportunities for 
directing a course toward the engineers’ interests. Some topics usual to an intro- 
ductory course need not be included, or may be referred to only briefly. Notable 
examples are economic geology (except incidentally) and speculative geologic 
problems, such as the origin of the earth, the mechanisms of intrusion and orogeny, 
and classical concepts of erosion cycles. It is apparent, however, that there are 
dangers in such trimming. For example, a few years ago clay mineralogy might 
have been omitted as being “impractical,” but experience in the field of soil 
mechanics has not justified this view. In other words, time may be made avail- 
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able in the course for study of engineering applications by giving less emphasis 
than usual to certain fundamentals; but we must be careful that we keep enough 
of the fundamentals so that our teaching remains valid through the shifting tides 
of applied science. 

In this connection much space could be devoted to discussing how far it is 
desirable to go into particular subjects: mineralogy, petrography, structural ge- 
ology, weathering, and soil mechanics, to mention a few. However, the major 
point is this: we are teaching a group of students who have capacity to dig deeply 
in the geologic gardens. At the same time, their predilection is to harvest what 
happens to be available and go on about their affairs. We do poorly as teachers 
if we do not steer a middle course. Perspective can be maintained by considering 
what the civil engineering student needs to know in order that he can read profitably 
the Berkey volume, Application of Geology to Engineering Practice (Geological 
Society of America, 1950). 


AVAILABLE TEXTBOOKS IN ENGINEERING GEOLOGY 


The development of textbooks reflects the trends in teaching geology to civil 
engineers, and the problems involved. For many years, 1914 to 1949, the field 
was dominated by the classic Reis and Watson text, Engineering Geology (1914 
and later editions), and its compressed version, Elements of Engineering Geology 
(first published in 1921). As was noted in its preface, the compressed version 
was written to “meet the requirements of a briefer course.” Apparently this was 
a response in part to the introduction of geology to engineering curricula at some 
schools as a result of war-time experience, and in part to the tendency at other 
schools to trim geology, as a collateral subject, in order to make way for elaborated 
courses in civil engineering. 

Meanwhile Leggett’s book, Geology and Engineering (1939), was actually 
better suited for use as a reference than as a textbook, for although it was published 
in the United States it drew heavily from British experiences. Similarly, Fox’s 
Treatise on Engineering Geology (1935) was British, although published in the 
United States. In 1949 Trefethen’s Geology for Engineers provided Reis and 
Watson with its first “domestic” competition, and now in addition there is Geology 
in Engineering, by Schultz and Cleaves (1955). 

The textbooks cited represent a growing interest in the interrelations of geology 
and engineering. They represent real aids to those of us concerned with the 
problems of teaching geology to engineers. Each displays the author’s (or authors’) 
selection of geologic topics thought to be most pertinent to civil engineering practice 
at the time of publication. Since both geology and civil engineering have “grown” 
in various respects since 1914, the selection has become an increasingly difficult 
problem. Therefore, even though the latest of these texts is the most elaborate, 
its preface notes: “The discussions of various types of engineering projects by no 
means exhaust the applications of geology to civil engineering, but it is believed that 
they serve to illustrate most of the basic principles which, when thoroughly under- 
stood, are readily adapted to omitted topics.” In the first chapter, moreover, 
mention is made that only ten out of twenty-five “currently recognized” specialties 
in the field of geology “are touched upon in this book.” Finally, the concluding 

1See review of this book on page 70. 
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remarks to the first chapter (entitled “Geology and Its Relationship to Civil Engi- 
neering”) state the purpose of the book, which accords with what is probably the 
usual purpose of those who teach engineering geology: “The primary purpose of 
this book is to furnish [the] background [to understand engineering-geologic re- 
ports] and not to make geologists out of civil engineers.” 
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IN MEMORIAM: 
CARL LELAND HORBERG, 1910-1955 


From the Department of Geology at the University of Chicago comes werd of the death, 
from carcinoma, of Professor Carl Leland Horberg, on Thursday, August 18, 1955. Services 
were held on Monday, August 22, in Chicago. Professor Horberg is survived by his wife and 
two sons, Anders and Bryan. 

Professor Horberg’s death in the prime of his life is a great loss to science and to his friends. 
His publications in the fields of geomorphology and glacial geology are well known to all geolo- 
gists, as is also, of course, his work as editor of the Journal of Geology since 1953. Here we wish 
to pay tribute especially to the man himself and to his service as president (1953-54) of the 
Association of Geology Teachers. 

It was in the fall of 1954 that Leland Horberg became aware of his fatal illness, and his 
great calm and cheerfulness in the face of the inevitable were remarkable. With the determina- 
tion to leave as few loose ends as possible, he dedicated his remaining months to putting his 
personal and scientific house in order. The several papers that have appeared during the year 
are evidence of his industry. It was under these conditions that he wrote his presidential address 
to the Association, “Current Trends in Geology and Their Relations to Geological Education” 
(see Journal of Geological Education, Vol. 3, No. 1, 1955, pp. 1-6). Because he was too ill to 
attend the annual meeting at Columbus, Ohio, this stimulating address was read for him, as was 
also his presidential report. The latter noted that during his year in office the Association had 
been admitted to full membership in the American Geological Instiute and had become affiliated 
with the American Association for the Advancement of Science. For our youthful Association, 
organized on a national basis only in November, 1951, these achievements are evidences of a 
rapid maturing. Leland Horberg, our third president, will be remembered as the leader under 
whom these significant advances were accomplished and as a man of great courage and strength 
of character—Kurt E. Lowe anp ANASTASIA VAN BURKALOW 


BOOK REVIEWS 
Paul Niggli, 


Rocks and Mineral Deposits. 
translated by Robert L. Parker. xiv and 
559 pp. W. H. Freeman and Co., San 
Francisco, 1954. $12.00. 


Rocks and Mineral Deposits is a transla- 
tion of the now classic Volume I of Gesteine 
und Minerallagerstatten (1948) by the late 
Paul Niggli. Although a few changes have 
been made for the benefit of an American 
audience, Professor Parker, a long-time as- 
sociate of Niggli, has preserved both the flavor 
and the substance of the original. This edition 
in English should be of especial interest to 
the readers of the Journal of Geological Edu- 
cation because of its considerable pedagogic 
(in the broadest sense) as well as geologic 
importance. 

Rocks and Mineral Deposits is not a text- 
book in the usual sense, nor is it a conventional 
treatise. It is, rather, a somewhat personalized 
exposition of a comprehensive view on inor- 
ganic Nature and a presentation of a means for 
attaining such a view. In fact, it is the opinion 
of this reviewer that the greatest value of the 
book derives from its special point of view. 
For there are already available plenty of publi- 
cations summarizing the results of the con- 
sensus of geologic thought on most problems. 
However, there are scarcely any other modern 
treatments in English showing in any detail 
how to reach a consistent and yet comprehen- 
sive individual outlook—which, by virtue of the 
nature of geologic problems, is an essential 
‘operation in the training of every geologist. 

Niggli’s views themselves are already too 
well known to need comment here, and in any 
case it is his development of them that is 
probably of greatest interest to the readers of 
this journal. In the course of his development, 
Niggli brings out in a very effective way many 
of the special kinds of difficulties faced in geo- 
logic problems, and he presents many elegant 
illustrations of methods of dealing with them. 
He shows especially well how no single ap- 
proach or technique can possibly cope with the 
enormous number of variable factors obtaining 
in geologic situations; how a certain amount 
of conceptual bias (of a very carefully con- 
trolled sort) is not only unavoidable but neces- 
sary ; and how progress is made by continually 
testing the resulting individualized viewpoints 
against one another. He illustrates also the 
use of idealized conceptual models and their 
relation to the real geologic situations. All 
told, the mental processes and the methods are 


so well expressed that in spite of, or perhaps as 
a consequence of, the individualization of the 
treatment, it is “transferrable” to the reaching 
of other points of view and to the dealing with 
other types of problems. 

The book serves as an excellent model in 
another closely related respect—the application 
of other fields of study to geological problems. 
Although a good deal of lip service is paid in 
this country to the importance of fields such as 
mathematics, chemistry, and physics in the 
background of geologists, actually relatively lit- 
tle use is generally made of them in ordinary 
geologic education and practice. Here, however, 
Niggli effectively demonstrates the application 
of tools such as statistics and probability, geo- 
chemistry, thermodynamics, and crystal chem- 
istry, and shows conclusively how essential 
they are. Indeed, Niggli himself pioneered in 
the application of many of these fields to ge- 
ology, and this book illustrates beautifully his 
genius for interweaving varied approaches to 
particular problems. 

At this point it might be well to note that 
one must read this book with a certain frame 
of mind—a frame of mind that may prove 
troublesome for some readers, especially the 
overly literal and pragmatic. In an attempt at 
some degree of rigor in his treatment, Niggli 
employs a rather elaborate verbal scheme of 
description and development (almost hyper- 
consistent) which leads to an extensive termi- 
nology and in places to a somewhat compli- 
cated exposition. However, it should be em- 
phasized that these features are not necessarily 
defects, but simply consequences of an attempt 
to deal logically and comprehensively with an 
extraordinarily difficult subject. 

The over-all strategy in Rocks and Mineral 
Deposits is first to present the significant 
factual information and then to develop con- 
ceptions of genesis‘and classification. Accord- 
ingly, Part I, The Materials, surveys the na- 
ture, kinds, and distributions of the fundamental 
geological constituents, largely from a mineral- 
ogic point of view. In this survey, the princi- 
ple of “parsimony” or “economy” (i.e., the oc- 
currence of relatively few fundamental kinds of 
compositional or constructional units compared 
to the enormous number of possibilities) is 
utilized to good effect at several levels. 

Part I begins with a survey of the main 
features of the geochemistry of the earth’s 
crust. Following this are two chapters (2 and 
3) dealing with the nature, principles of con- 


. 
a 
A 
\ 
4 
fe 
/ 


70 JouRNAL oF GEOLOGICAL EDUCATION 


struction, and simple rational formulation of 
the more important minerals. These two chap- 
ters are of especial interest because, at present, 
they happen to offer one of the very few simple 
and reasonably comprehensive treatments in 
English of the crystal chemistry of minerals 
prepared for application to geologic problems. 
However, the enormous accumulation of new 
information in this field since the preparation 
of the original edition has outdated some of 
the material. For example, the discussion of 
the feldspars is now inadequate in view of the 
level of the book and the importance of these 
minerals to conclusions later developed. The 
recent work of Laves, Goldsmith, Taylor, and 
others has considerably enlarged and altered 
our knowledge of the feldspars since 1948. 

Part II, The Fabric, deals with assem- 
blages of minerals: the kinds, occurrences, and 
manners of arrangement. Various scales of 
fabric ranging from major structural features 
to microtextures are considered. An introduc- 
tion to the application of statistics and proba- 
bility to the problems of distribution and man- 
ners of occurrence of minerals is well inte- 
grated with the rest of the treatment. Some 
200 pages of interestingly treated information 
on structures and textures are included here. 

A third part, Physical-chemical Principles 
Governing the Formation of Rocks and Min- 
eral Deposits, deals first with general principles 
controlling the stability and coexistence of 
minerals on a relatively simple thermodynamic 
basis. These principles are then applied to 
actual geologic situations. The difference be- 
tween idealized systems and those in Nature 
are kept in mind. Although much of this 
treatment is now relatively familiar material, 
it is interestingly developed. Also included is 
a discussion of chemical kinetics, surface re- 
actions, and solid state diffusion. 

The last part, Basic Principles for a Sys- 
tematic Classification of Rocks and Mineral 
Deposits, attempts a comprehensive “natural” 
classification, chiefly on a genetic basis. It is 
derived from the preceding development. 

All told, Rocks and Mineral Deposits is an 
eloquent testimony to the versatility and con- 
tributions of Paul Niggli. Especially well 
should it serve to provide a too rarely avail- 
able perspective for the educators, “educated,” 
and practitioners of geology. And among the 
followers of this journal, the book should cause 
much critical contemplation upon the geologi- 
cal education generally offered in this country. 

The host of geologists who are teutonically 
illiterate (of all degrees, and not excluding the 
reviewer) are enormously indebted to Pro- 


fessor Parker and to the publisher for making 
this outstanding book so much more widely 
accessible. 
D. M. HENDERSON 
University of Illinois 


Geology in Engineering. John R. Schultz and 
Arthur B. Cleaves, with a chapter by E. 
J. Yoder. ix and 592 pp. John Wiley & 
Sons, Inc., New York, 1955. $8.75. 


As the most favorable locations for engi- 
neering structures become utilized and as larger 
and more comprehensive structures are planned, 
the engineer finds that his work requires giving 
a closer and closer look at what is underneath. 
In so doing he must enter the realm of ge- 
ology, directly or indirectly, to try to solve 
both physical and economic problems that in- 
evitably arise. As a consequence, engineers 
having a familiarity with geologic principles 
and geologists with engineering “knowhow” 
find themselves in almost continual demand to 
help bridge the surprisingly wide gap that 
formerly existed between the two fields. Ge- 
ology in Engineering has been written to serve 
as either a text or a reference for workers in 
this joint area of “engineering-geology.” 

The authors appear extremely well pre- 
pared for the compilation of a book of this 
nature. John R. Schultz is currently Chief of 
the Geology Branch of the Waterways Experi- 
ment Station at Vicksburg, Mississippi, after 
a varied career in both geology and engineer- 
ing-geology. Arthur B. Cleaves has likewise 
had wide experience as both teacher and con- 
sultant in these fields and is at present pro- 
fessor of geology at Washington University. 

Geology in Engineering begins with a pre- 
liminary discussion of the relationships between 
geology and engineering, followed by chapters 
summarizing the important aspects of the fields 
of mineralogy, petrology, and structural ge- 
ology. This introduction makes up approxi- 
mately one sixth of the text. Choice as to 
what should be included in such a summary 
appears to have been well governed by possible 
association with engineering applications. 

What is often classed as geomorphology is 
taken up in considerably more detail, presuma- 
bly because of a more direct and apparent bear- 
ing on engineering. This section follows the 


descriptive approach common to geomorphic 
writings, rather than being overly practical. 
While many up-to-date references are included, 
enabling those interested to look further into 
the details of these subjects, it is unfortunate 
that at least some of the highly usable techni- 
cal information available is not found in a 
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book so definitely pointed in this direction. 

The section on the preparation and inter- 
pretation of geologic maps is well ‘organized 
and presented. Possibly even greater stress 
could have been given to such a discussion, for 
it is important that engineers realize the as- 
sumptions involved and how to properly use 
the map resulting from most geologic work. 

The subject of soils is rightfully covered 
quite extensively, being considered in relation 
to weathering, frost action, soil mechanics, and 
aerial photograph interpretation. It is believed 
that the various soil discussions (including use 
of soils in highway and airfield design) could 
probably have been brought together more 
closely and made more interdependent than 
they were. The chapter on soil mechanics was 
prepared by Professor E. J. Yoder of Purdue 
University and represents one of the high 
points of the book. 

The field of ground water is covered in a 
summary though concise fashion. Some ques- 
tion exists as to the advisability of introducing 
metasomatism in such an association, but the 
authors have managed to weave it fairly well 
into a general underground water picture. 

Earthquakes are discussed in considerable 
detail, possibly more than is warranted by the 
nature of the rest of the book. The material 
concerning the propagation of the various types 
of seismic waves (e.g., Fig. 133) may be too 
intricate to be properly understood by a begin- 
ner in the geologic field. 

The last hundred pages are far and away 
the most valuable from an engineering-geology 
aspect. Included here are quite comprehensive 
discussions of such topics as dams, reservoirs, 
tunneling, the bearing of geology on highways 
and airfields, and the procuring of suitable 
materials for concrete aggregate. The appli- 
cations of the most modern of the various 
engineering testing procedures used in the 
above realms are described in sufficient detail. 

With reference to the suitability of this 


book as a text for instruction in engineering-: 


geology, the authors themselves note that the 
entire combined engineering and geological 
fields cannot be scratched in a single volume. 
Approaches, however, can be made with major 
stress in three possible directions. With an 
eye toward geologists and the more advanced 
geological students, stress may be directed 
toward the engineering principles and the ap- 
plications of geology to the solving of engineer- 
ing problems. For the benefit of practicing 
engineers and the more advanced engineering 
students, engineering could be slighted in favor 
of geological principles. A third possibility 


is a design for the benefit of those with rela- 
tively little training or experience in either 
engineering or geology. As expressed by the 
authors and as is implied by the title, Geology 
in Engineering tends toward the second of 
these possibilities, though it falls into the third 
in some of the discussions. The book is there- 
fore largely a textbook of geology rather than 
one of engineering-geology. As it is planned, 
engineers with no or relatively little geologic 
training will fare quite well with it as a text, 
for here they will find the principles of geology 
concisely presented, together with major appli- 
cations to the various engineering fields. It 
will probably be with these people that the book 
will receive its greatest use. In many schools, 
however, it is common to include engineers 
with other types of students in an elementary 
large-group course in physical geology, and the 
heterogeneous nature of the student body re- 
quires a less channeled text. For engineering 
students who have once been subjected to such 
an introductory course, it is doubted that this 
elementary Geology in Engineering would be 
desirable for a later, more advanced engineer- 
ing-geology course. Whether or not this will 
be the case remains to be proven. Such a 
coverage of much of the elementary fields of 
both geology and engineering also means that 
the geology student will not likely wish to re- 
view the physical geology in the book in order 
to obtain the valuable engineering parts. For 
this reason, it is doubted that this book will 
receive complete acceptance as a text by those 
introducing geologists to the engineering field. 
It should be noted that the chosen method of 
approach is not dissimilar to that used in 
several other engineering-geology books, al- 
though the engineering applications are here 
considered in much greater detail. 

The book ideally carries out the theme for 
which it was designed. Its value is greatly en- 
hanced by the adaptations from experts in the 
various fields and by the use of material from 
a wide variety of sources. The diagrams and 
pictures are excellent and fortunately include 
many illustrations of a nature not previously 
incorporated in textbooks. The references, 
which include much of the most recent litera- 
ture, are also valuable. Few imperfections 
were noted in the book’s technical preparation. 

The reviewer feels that the authors should 
be commended for the additional step that they 
have taken to join the two fields of geology 
and engineering and to introduce the engineer 
to geologic processes and results. 

Raymonp J. SMITH 
Louisiana State University 
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The Permian Reef Complex of the Guadalupe 
Mountains Region, Texas and New 
Mexico. A Siudy in  Paleoecology. 
Norman D. Newell, J. Keith Rigby, Al- 
fred G. Fischer, A. J. Whiteman, John E. 
Hickox, and John S. Bradley. xix and 
236 pp. W. H. Freeman and Co., San 
Francisco, 1953. $7.50. 


“ 


This work is the report of an 
attempt to. determine the environmental con- 
ditions under which the celebrated Permian 
reefs and associated deposits of the southern 
Guadalupe Mountains were formed.” The ob- 
jective has been, on the whole, effectively 
accomplished. The study does not stop at the 
borders of the reef complex, but includes also 
the basin sediments in front of it and the shelf 
sediments behind it. Following the introduc- 
tion, geologic setting, and a discussion of the 
stratigraphy, the bulk of the book is a well- 
organized detailed description of the reef com- 
plex and associated rocks. This section also 
describes sedimentary structures and interprets 
the environmental significance of the rock 
types, structures, and the forms and attitudes 
of the rock masses. The section on paleontol- 
ogy is provisional because systematic studies 
are only begun, but data on the composition of 
some of the faunas are presented as a basis for 
ecologic interpretation. The excellent dis- 
cussion of diagenetic effects in these rocks in- 
cludes those processes, not properly called 
metamorphic, that have acted on the sediments 
since deposition. In a chapter on paleoecology 
the data and interpretations of the different 


chapters are reviewed to develop conclusions 
as to the physical and biotic conditions at the 
time the sediments were formed. The book 
concludes with a brief discussion of the origin 
and occurrence of oil in the reef rocks. 

One of the most attractive and helpful 
aspects of this work is the fact that various 
features of the three principal facies of the 
Delaware Basin were studied in concert by a 
group of specialists. To aid in describing the 
paleoecology of the rocks of the reef complex 
all properties of the rock masses and their 
associated rocks were investigated, in contrast 
to the conventional approach wherein the strati- 
graphy of the reef might be studied intensively 
without reference to basin or shelf rocks. The 
job was well done and the report is good, but 
many readers may wish that the authors had 
given more space to interesting details that they 
merely introduce. The use of “facies” or 
“lithofacies” to mean merely rock type (e.g., 
Fig. 62) seems unfortunate. Phrases such as 
“South Wells time” appear frequently, although 
the formational units are not demonstrated to 
be time units. With these exceptions the 
authors are very careful about terminology, 
and where they have chosen a term in prefer- 
ence to alternatives they defend their choice 
intelligently. 

It is notable that this basic study was 
supported by industry (Humble Oil and Re- 
fining Company) without hope of immediate 
technologic or financial gain. 

Matcotm P. 
Ohio State University 


TRANSACTIONS 
OF THE 
ASSOCIATION OF GEOLOGY TEACHERS 


Of the six organized sections of AGT, 
four held spring meetings, the programs of 
which are summarized below. The East Cen- 
tral Section held its 1955 meeting in January, 
when it served as host to the annual meeting 
of the Association. The Southeastern Section, 
newly organized, plans to have its first gather- 
ing in conjunction with the November meeting 
of the Geological Society of America—and the 
associated AGT meeting—in New Orleans. 


CENTRAL SECTION 


The fifteenth annual meeting of the Central 
Section of the Association of Geology Teachers 


was held April 22-23, 1955, at The Principia 
College, Elsah, Illinois. 

During the afternoon of April 22, a field 
trip was held. The group saw some of the 
Pleistocene deposits of the Mississippi River 
Valley from the bluffs at The Principia Col- 
lege ; a succession of Silurian-Devonian- Missis- 
sippian formations near Grafton, Illinois; and 
the Cap-au-Gris fault-flexure as exposed at 
Pére Marquette State Park where it brings 
the Ordovician Kimmswick formation to the 
surface. 


On Saturday morning there was a visit 
to the Geology Department at The Principia, 
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followed by an informal discussion of some of 
the problems and methods in the teaching of 
geology. Topics considered were: increasing 
enrollment in the colleges, and the resulting 
increase to be expected in number of students 
enrolled in geology; administration of exami- 
nations; what the geology teacher can do in 
an educational way outside his classes. The 
discussion was tape-recorded, and the tape may 
be borrowed from Roger Spitznas, Augustana 
College, Rock Island, Illinois. 

The afternoon meeting concerned itself 
with prepared papers on geomorphology and 
physical geology. 

Chauncey D. Holmes of the University of 
Missouri spoke on “A Qualitative Formula in 
Geomorphology.” In any science two tenden- 
cies are evident, (1) toward complexity, (2) 
toward simplification through finding new re- 
lationships. In searching for new relationships 
the formula F -Rt-Cr=0 is useful. F equals 
force—the force of gravity, chemical energy, 
solar energy, etc. Rt equals resistance—fric- 
tion, etc. Cr equals change rate or rate of 
change—rate of water flow, rate of waterfall 
recession, etc. As applied to a river system, 
if Cr is positive the stream is actively down- 
cutting ; if Cr is negative the stream is aggrad- 
ing; and if Cr is zero the stream is graded. 
Use of this formula has served to stimulate 
analysis of certain geomorphic problems. 

James C. Brice of Washington University 
presented a paper entitled “The Current Status 
of Youth, Maturity, and Old Age.” He felt 
a re-evaluation of these concepts was useful, 
since they are frequently emphasized in fresh- 
man courses. Some authorities agree with 
W. M. Davis, some disagree with him, some 
ignore the concepts. In his classes, Dr. Brice 
presents the cycle of erosion as a hypothetical 
case and a good example of deductive reason- 
ing. This deductive reasoning may be checked 
at various points, but comparisons of actual 
landscapes with the hypothetical model are 
likely to be very imperfect. In particular, the 
orogenic setting of the area being eroded is 
important. 

Roger Spitznas of Augustana College dis- 
cussed many of the recently published text- 
books in physical geology. The reason for 
such a great number of new texts may be that 
many of them may have been written for use 
in the author’s own course. Some books as- 
sume a background in chemistry and physics 
which most students simply do not have. It 
is possible to teach this material in a first-year 
course, but the necessary time would have to be 


taken from other topics. 
be desirable. 

A slide symposium concluded the session. 
Included were most of the slides shown at the 
national meeting in Columbus. Thanks are due 
to the owners of these slides for their use. 


At the business meeting at 4:30 P.M. 
seven new members were approved. The Com- 


mittee for Revision of the By-Laws (Percival 
Robertson and Herbert Hendricks, co-chair- 
men, and Dorothy Gore, Paul Shaffer, and 
William Read) presented its proposed changes. 
These, with a few amendments from the floor, 
were adopted unanimously. (Copies are ob- 
tainable from the secretary.) Following a 
suggestion that winter meetings might be more 
fully attended, the president was authorized to 
appoint a Committee to circularize the member- 
ship regarding the most advantageous time for 
Section meetings. New Section officers were 
elected [see back cover], and representatives 
on the national Nominating Committee were 
named as follows: for 1955, Roger Spitznas 
and Keith Hussey; for 1956, Keith Hussey. 
After the annual dinner the group was 
privileged to hear Morris M. Leighton, Chief 
Emeritus of the Illinois State Geological Sur- 
vey, speak on “The Geomorphology of the 
Upper and Lower Mississippi River Valleys.” 
Dr. Leighton’s long study of this area has 
enabled him to correlate late Cenozoic events 
in the upper and lower valleys and to date the 
terrace deposits. 
Respectfully submitted, 
Dororny J. Gore, Secretary-Treasurer 


This was not felt to 


EASTERN SECTION 


The Eastern Section of the Association of 
Geology Teachers held its fifth annual meeting 
at Franklin and Marshall College, Lancaster, 
Pennsylvania, an April 15-16, 1955. 

On Friday a field trip was taken to the 
famous Fruitville trilobite quarry, the Corn- 
wall Iron Mines, and Swatara Gap. 

Dinner was followed by the presidential 
address of George Adams, the City College of 
New York, and the business meeting. At the 
latter, president-elect John H. Moss agreed to 
examine past projects of the Eastern Section 
and develop future projects. Kurt Lowe an- 
nounced that the American Geological Institute 
is preparing a revision of the publication, 
Geology as a Career, for use at the college 
level, and a new version for use at the high- 
school level. New officers were elected [see 
back cover], and representatives on the national 
Nominating Committee were named as follows : 
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For 1955, Richard M. Foose and Shepard W. 
Lowman; for 1956, George Adams. 

Friday evening Jacob Friedman of Franklin 
and Marshall gave an illustrated talk on “The 
Geology of Israel.” Dr. Friedman spent last 
year in Israel for the Point Four Program, 
studying the mineral resources of the country. 

The Saturday meeting was opened by 
Howard Cramer, of Franklin and Marshall, 
with an illustrated talk on “Field Trip Locali- 
ties in Lancaster County.” Next came a sym- 
posium on the philosophy and operation of 
elementary geology courses at different types 
of colleges and universities. Five types—the 
liberal arts university, the city college, the 
state university, the engineering university, and 
the liberal arts college—were represented re- 
spectively by Erling Dorf of Princeton, George 
Adams of the City College of New York, 
Wakefield Dort of the Pennsylvania State 
University, George Jenkins of Lehigh Uni- 
versity, and Richard M. Foose of Franklin and 
Marshall College. Lawrence Whitcomb of 
Lehigh gave a paper on “The Elementary 
Course Textbook Dilemma.” 

The formal papers and the discussion fol- 
lowing each one produced some very interest- 
ing points. As might be expected, the size of 
the institution has a decided influence on the 
courses as they are given. In the larger places 
there is a tendency to give at least two basic 
courses, one for those expecting to major in 
the field and the other for general students 
who will go no further. In the first case the 
first course is thought of as being introductory, 
a forerunner to those that will follow; in the 
second case it is considered to be an elementary 
but terminal course. These courses are apt to 
emphasize geology from the point of view of 
the enlightened citizen. In all cases, however, 
it was stated that if a student in this supposedly 
terminal course became interested in geology 
as a major, he was allowed to continue, pro- 
vided he received good grades in the course. 
In some of the larger universities there are 
other courses for specialized groups such as 
engineers and forestry and agriculture majors. 
These courses, slanted to the interests of the 
specific groups, are still good sound introduc- 
tory courses. The practice in the smaller col- 
leges is to have one course to serve all pur- 
poses, both terminal and introductory. These 
courses function very satisfactorily, particularly 
if the size of the class can be kept small. The 
small liberal arts college can often do better 
than the large university in the matter of size 
of class. 


It was stressed by practically all speakers 
that although there may be only time, facilities, 


‘and finances for several half- or full-day field 


trips throughout the year, the benefits from 
these are unlimited, and there should be a 
special effort made to increase their number. 

In the afternoon symposium on “Teaching 
Geology in Secondary Schools” four speakers 
presented material of exceptional interest to 
professional geologists everywhere. The last 
three papers especially struck those present 
with the impact of a bombshell. 

Howard Platt (Germantown Friends 
School, Philadelphia); representing a private 
school, showed what can be done with a high- 
school (college also?) geology course under 
ideal conditions. He stresses the idea-provok- 
ing content of the material presented, above all 
the interrelations between geology and various 
aspects of life. The hobby approach and the 
purely practical-occupational approach are min- 
imized. The chief aim is to bring out the broad 
principles and philosophical content of geology, 
and its meaning for man. There is a great 
amount of outside reading in such books as 
The Sea Around Us and Biography of the 
Earth, with frequent essays and informai talks 
by the students, especially on social, political, 
and cultural implications of the science. 

Donald Stone (Mount Pleasant High 
School, Schenectady, New York) stressed the 
alarming present status of geology in high 
schools throughout the country. Forty years 
ago geology was a much taught subject; today 
in most states it has dwindled to almost noth- 
ing. In Pennsylvania in 1949 only thirteen 
high schools had earth science courses; today 
there are just three! In New York, largely 
thanks to Mr. Stone, some slight improvement 
has been made recently over an earlier simi- 
larly alarming drop-off there. Three possible 
remedies were suggested: (1) That the AGI 
Educational Committee prompt every college 
to investigate the status of geology in neighbor- 
ing high schools and bring pressure to bear on 
State education authorities to approve teaching 
of a geology course, preferably at the ninth- 
grade level; (2) that support be given to John 
Clark’s Yellowstone-Big Horn Association 
plan for setting up an AGI-sponsored organi- 
zation of a director and four regional geologists 
to contact high schools all over the country for 
the purpose of encouraging geology teaching 
in those schools; (3) that the matter of re- 
quirement of at least one six-hour geology 
course for certification of science teachers be 
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taken up with the National Science Teachers 
Association. 

Helen Cherry teaches: a physiography 
course at Altoona High School, one of the last 
three high schools in Pennsylvania where ge- 
ology is still taught. Miss Cherry, greatly 
discouraged, feels herself part of a dying cause. 
She asked for moral and tangible support from 
Pennsylvania geologists and suggested that a 
geologist attend sectional teachers’ meetings 
to speak in favor of geology. 

Earle Myers (Seewahnaka High School, 
Floral Park, New York) stressed the fact that 
the ninth grade is the best year for a high- 
school earth science course. He had difficulty 
in locating a good text for such a course until 
the recent one by Namowitz and Stone became 
available. He pointed out the dire need for 
AGT to do something tangible to encourage 
earth-science teaching in public schools. 

The most disturbing conclusion of the 
symposium is that for more than eight years 
college geology teachers have been meeting and 
talking about the great need for helping the 
high-school situation, yet practically no reme- 
dial action has been started. Here is a real 
challenge to all AGT members. Are we wil- 
ling to see our science die out completely in 
the high schools, or are we prepared to exert 
ourselves and work together to create a power- 
fully supported counter movement? 

Respectfully submitted, 
Maurice B. Rosatsky, Secretary-Treasurer 


NEW ENGLAND SECTION 


The New England Section held its third 
annual meeting on Friday and Saturday, April 
15-16, 1955, at Barnum Museum, Tufts College, 
Medford, Massachusetts. 

The Friday afternoon field trip, north of 
Boston, gave an opportunity to examine a num- 
ber of types of igneous rock, late-glacial clays, 
a pro-glacial delta, a blow hole, drumlins, a 
tombolo, marshes, the. Boston Lowlands, the 
border fault, etc. After dinner there was an 
address by the retiring president, Charles G. 
Doll, University of Vermont. 

On Saturday morning the following papers 
were presented: “Geologic Education by 
Radio,” by C. W. Wolfe, Boston University ; 
“Application of Findings in the Behavioral 
Sciences to the Teaching of Earth Science,” by 
John C. Pierce, Goddard College; “Educational 
Background for Geology Majors,” by Arthur 
A. Socolow, Boston University; “A Labora- 
tory Teaching Aid,” by William H. Dennen, 
Massachusetts Institute of Technology; 


“U.S.G.S. Civil Service Examinations,” by 
Ralph E. Van Alstine, U.S.G.S.; “The Geol- 
ogy of Boston from the Teaching Point of 
View,” by Marland P. Billings, Harvard Uni- 
versity ; “The Geology of New York City and 
Surrounding Areas from the Teaching Point 
of View,” by Richard J. Lougee, Clark Uni- 
versity. 

The afternoon session opened with a paper 
by Chester R. Longwell of Yale University on 
“The Teaching of Physical and Historical Ge- 
ology.” Next, in a symposium on textbooks 
six recent texts in both physical and historical 
geology (by Leet and Judson; Gilluly, Waters, 
and Woodford; Longwell and Flint; Monnett 
and Brown; Stovall and Brown; and von 
Engeln and Caster) were discussed by John 
B. Lucke, the University of Connecticut ; Wil- 
liam H. Dennen, M.I.T.; Richard J. Chorley, 
Brown University; Elwyn Perry, Williams 
College ; William E. McClennan, University of 
Massachusetts; and Sidney E. White, Ohio 
State University. A kodachrome slide sym- 
posium concluded the session. 

At the annual business meeting Chester 
R. Longwell was made an honorary member of 
the New England Section. Charles G. Doll 
and Robert L. Nichols were named to the na- 
tional Nominating Committee, and new officers 
were elected [see back cover]. 

Respectfully submitted, 

MARSHALL SCHALK, Secretary-Treasurer 


FAR WESTERN SECTION 


The Far Western Section held its first 
annual meeting“ on Saturday and Sunday, 
March 26-27, 1955, at Fresno State College, 
Fresno, California. 

On Saturday, after a welcome by the 
Fresno State College Administration, the fol- 
lowing topics were discussed: “Pre-College 
Earth Science Curricula,” by N. R. Anderson, 
College of Puget Sound, and W. D. Gordon, Sci- 
ence Supervisor of Alameda County; “A.G.T. 
and the Layman,” by George Bates, San Fran- 
cisco Gem and Mineral Association, Harry 
Buckalew, principal of Jefferson Elementary 
School, Fresno, and G. B. Oakeshott, State 
Division of Mines, San Francisco; “Visual 
Aids in Lieu of Field Trips,” by George L. 
Green, City College of San Francisco; “A.G.T. 
and Industry,” by A. Paap, Standard Oil Com- 
pany of California, and K. B. Krauskopf, Stan- 
ford University. 

These sessions were followed by a tour of 
the new Fresno State College campus and a 
preview of new geological motion pictures. 
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After dinner there was a panel discussion 
on “A Basic Geology College Curriculum.” 
Participants were C. G. Higgins, University 
of California, Davis; Sheldon Judson, Univer- 
sity of Wisconsin; C. D. Meserve, Glendale 
College; J. F. Richmond, University of Red- 
lands; and George Stanley, Fresno State Col- 
lege. 

On Sunday morning the group held a field 
trip to Table Mountain, northeast of Fresno; 
to Friant Dam; and to a varve site. Dr. 
George Stanley was in charge of the trip. 


The Section’s business meeting was held 
in November, 1954, in conjunction with the 
Los Angeles meeting of the Geological Society 
of America. Its chief purpose was to prepare 
for the spring meeting. By mail ballot the 
Section elected new officers [see back cover] 
and its representatives on the national Nomi- 
nating Committee—Philip G. Fairlee and C. D. 
Meserve. 


Respectfully submitted, 
Rosert M. Norris, Secretary-Treasurer 


NOTES AND NEWS 


ANNUAL MEETING OF AGT. In con-, 
junction with the annual meeting of the Geo- 
logical Society of America, the Association of 
Geology Teachers will meet in New Orleans 
on Monday afternoon, Novermber 7, 1955. 
Following the annual business meeting, with 
President William H. Shideler in the chair, 
there will be a symposium on “The Impact of 
General Education on the Curriculum in Ge- 
ology.” Chairman at this session will be 
Stanard G. Bergquist, national Vice President, 
who has arranged the program. Richard D. 
Goldthwaite will be moderator. The following 
papers have been announced: 

“Is there room for liberal education 
courses in the geology curriculum?” by Fred 
M. Bullard, University of Texas. 

“Meeting our responsibilities,” by Chauncey 
D. Holmes, University of Missouri. 

“Don’t penalize the potential geology 
major,” by John B. Lucke, University of Con- 
necticut. 

“General education in the humanities: an 
antidote for dangerous specialization in the geo- 
logic curriculum,” by Richard M. Foose, 
Franklin and Marshall College. 

“The impact of testing procedures,” by 
William H. Parsons, Allegheny College. 

“How geology teaches the structure of 
matter,” by Sherwood D. Tuttle, State Uni- 
versity of Iowa. 

“Prerequisites for the graduate curriculum 
in geology,” by Paris B. Stockdale, University 
of Tennessee. 

“General education in retrospect,” by 
George V. Cohee, U. S. Geological Survey. 

A general discussion will follow the pre- 
sentation of the papers. 


NEW FORMAT FOR THE JOURNAL. 
Readers of the Journal will note at once that 
this issue is physically thinner than the last 


one. In content, however, it is just as sub- 
stantial. By using slightly smaller type it is 
possible to present the same amount of text in 
fewer pages, and anyone who has investigated 
present prices for printing and paper knows 
how important it is to find such ways of re- 
ducing costs. In our case it makes it possible 
for us to have the Journal printed by the 
Business Press of Lancaster, Pennsylvania, 
experienced publishers of scientific periodicals, 
whose services we are fortunate to have se- 
cured. We are grateful to the staff of the 
Business Press for their many helpful sugges- 
tions in working out the new and improved 
format of the Journal. 


NEW HEADQUARTERS FOR SIGMA 
GAMMA EPSILON. William R. Higgs, 
Grand Secretary-Treasurer of the Grand 
Council of Sigma Gamma Epsilon, reports a 
change of address. On September 1, 1955, he 
left the Missouri School of Mines and Metal- 
lurgy at Rolla and became a member of the 
staff of the Department of Petroleum and Geo- 
logical Engineering, Louisiana Polytechnic In- 
stitute. His new address is Box 338, Louisiana 
Tech Station, Ruston, Louisiana. 


BRADFORD KUHNS MACGAW, professor 
and head of the Department of Geography and 
Geology at the University of Chattanooga, died 
on January 25, 1955. He had been at Chatta- 
nooga since 1946 and had been successful in 
building up the department and in inspiring 
many of his major students to go on to grad- 
uate work. Before teaching he had been a 
National Parks Service guide at Carlsbad Na- 
tional Park. During World War II he was 
awarded the bronze star for his service in the 
Signal Corps, as message center and crypto- 
graphic security officer assigned to an Armored 
Division in the European Theater. 
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The ASSOCIATION OF GEOLOGY TEACHERS was founded in the 
Middle West in May, 1938. In November, 1951, it was organized as a national 
association, under which there are at present six organized regional sections: Cen- 
tral, East Central, Eastern, New England, Far Western, and Southeastern. An 
annual meeting of the national association is normally held in the fall, and sectional 
meetings are held in the spring. 
The purpose of the Association, as stated in its Constitution, is “to foster im- 
provement in the teaching of the earth sciences at all levels of formal and informal 
instruction, to emphasize the cultural significance of the earth sciences, and to 
disseminate knowledge in this field to the general public.” 
Anyone concerned with geological education, formal or informal and at any 
age level, is invited to apply for membership. Jnquiries should be addressed to the 
national secretary, Ropert L. BAtes, Department of Geology, Ohio State Univer- Me 
sity, Columbus 10, Ohio. 
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